Only 2 findings were found in more than 50% of MRLS-LTAs 1) pulmonary lesions involving inflammatory infiltration of the parenchyma or alveoli (or both) and squamous epithelial cells in alveoli (56.8%; 246/433) and 2) isolation of a Streptococcus sp. from fetal tissues (52.2%; 226/433). Presence of placentitis or funisitis was observed in 190 MRLS-LTAs (43.9%).
None of the aforementioned pathological findings is pathognomonic for any known condition causing abortion, to the authors' knowledge. The Streptococcus sp. isolates were determined to be ␣-hemolytic (non-␤-hemolytic). ␣-Hemolytic streptococcal organisms and Actinobacillus spp. can be recovered from the vagina and uterus of healthy mares (Hinrichs, Cummings, Sertich et al.: 1989, Proceedings Am Assoc Equine Pract 35:11-16). Thus, these organisms may have been contaminants acquired from the mare's reproductive tract during expulsion of the fetus. Although Streptococci can cause abortion in mares, 1,2 ␣-hemolytic streptococcal species are rarely associated with abortion or placentitis in mares. 2, 3 ␣-Hemolytic Streptococci have been associated with abortion in rhesus monkeys attributed to ascending infection of commensal vaginal organisms. 4 Further molecular, biochemical, and microbiological investigations of these organisms seems warranted; however, the organisms may be simply a marker of either ascending infection or secondary, opportunistic infection. Although pathological findings of placental tissues were not characteristic of ascending infection, streptococcal agents were often found in association with placentitis or funisitis. Presence of funisitis, however, could also result from hematogenous-rather than an ascending route of-infection.
Absence of pathological findings in approximately 40% of cases and absence of any characteristic, defining lesion for MRLS-LTA indicate that determining a cause of the condition from pathological testing may not be possible. Experimentally, exposure to crushed Eastern tent caterpillars has been associated with early and late fetal losses in mares (http://www.uky. edu/Agriculture/VetScience/mrls). However, the toxic principle(s) associated with Eastern tent caterpillar-induced fetal losses is unknown. The findings of this study do not provide any clues to the causal factor(s) in Eastern tent caterpillars. Causal factors for MRLS other than Eastern tent caterpillars cannot be excluded at this time. Further epidemiological, toxicological, and microbiological studies will be necessary to try to determine predisposing factors for the condition.
Citrobacter freundii septicemia in two dogs
Jean-René Galarneau, Mado Fortin, Jean-Martin Lapointe, Christiane Girard Abstract. A 4-month-old Maltese puppy and a 7.5-year-old Collie were diagnosed with septicemia associated with Citrobacter freundii. The puppy died soon, after developing weakness and mucohemorragic diarrhea. The Collie had immune-mediated hemolytic anemia and thrombocytopenia and was treated with immunosuppressive drugs before being euthanized. Gross examination of the puppy revealed mucohemorrhagic intestinal contents. Focal necrotic hepatitis, fibrinous peritonitis, interstitial pneumonia, and hemorrhagic gastrointestinal contents were observed in the older dog. Histologically, there was a diffuse, moderate, histiocytic meningitis in the puppy and a focal fibrinonecrotic hepatitis in the adult dog. Lesions in both dogs contained numerous gram-negative rods. Citrobacter freudii is a potential cause of monomicrobic bacteraemia-septicemia in puppies or immunocompromized adult dogs. The gastrointestinal tract is probably the main site of entry.
Citrobacter freundii, a gram-negative bacterium of the Enterobacteriaceae family, is considered a ubiquitous and opportunistic pathogen. In humans, Citrobacter spp. have been as- sociated with urinary tract infections, 5,6 respiratory infections, 6 bacteremia, 5,6 septicemia, 5 and meningitis. 2, 4, 6 Citrobacter freundii septicemia is lethal in 17% to 48% of cases. 3, 5 The systemic infection is often polymicrobic 1,3,5 and appears to originate from the urinary tract, gallbladder, gastrointestinal tract, or cutaneous wounds. 5 To our knowledge, there is no published report of systemic infection by C. freundii in the veterinary medical lit- erature. In this report, two cases of C. freundii septicemia in dog are described.
Case No. 1 was a 1-month-old female Maltese puppy presented to a veterinary clinic for weakness, lateral recumbency, and lumbar pain. It was the only pup affected in a litter of four. Mucohemorrhagic diarrhea developed the day of presentation, and the general condition of the animal rapidly deteriorated, culminating in its death after a few hours. It was not treated. The animal was submitted for necropsy the next day to the veterinary diagnostic service of the University of Montreal. On gross examination, the intestinal content was mucohemorrhagic, and numerous hemorrhagic foci were present in the thymus. Sections of the intestines, liver, kidneys, thymus, pancreas, spleen, lung, brain, heart, and adrenal glands were fixed in 10% neutral-buffered formalin, embedded in paraffin, and 4-m-thick sections were stained with hematoxylin, eosin, and saffron (HES). Brown and Brenn or Warthin-Starry stains were also applied to selected tissues. Immunoperoxidase was done on intestine and lungs for detection of canine parvovirus (CPV) and canine distemper virus (CDV). On histological examination, moderate to marked lymphoid depletion was noted in the spleen, lymph nodes, and Peyer's patches. Apoptosis was marked in the center of lymphoid follicles of the spleen and was associated with intrahistiocytic apoptotic bodies. Single necrotic cells were present in the thymic cortex. Small areas of hemorrhage were multifocally distributed in the thymus. Many Kupffer cells were hypertrophied and had foamy cytoplasm. Mononuclear cells and granulocytes were increased in number within the hepatic sinusoids. There was a mild mononuclear interstitial pneumonia. In the meninges, a moderate inflammatory infiltrate composed of macrophages with numerous intracytoplasmic bacteria and some lymphocytes was present (Figs. 1, 2) . Numerous gram-negative rods were also observed in the sinusoids of the liver, cytoplasm of Kupffer cells, capillaries and interstitium of the kidneys, and in thy-mic hemorrhagic foci. Immunoperoxidase did not detect CDV or CPV antigen in tissues.
Case No. 2 was a 7.5-year-old female Collie presented to the small animal clinic of the University of Montreal for immune-mediated hemolytic anemia and thrombocytopenia. The animal's condition waxed and waned for 14 days. It was treated with immunosupressive doses of prednisolone and azathioprine, and antibiotics (cefazolin and cephalexin) but developed multiple complications including suspected disseminated intravascular coagulation. The dog was euthanized after a rapid deterioration of its condition. At necropsy, mucous membranes were pale, the lungs were diffusely rubbery, and a small amount of fibrinous exudate covered the ventricular epicardium. The peritoneal cavity contained approximately 500 ml of cloudy serohemorrhagic fluid with small blood clots. The liver was pale with a prominent lobular pattern and had a single 1.5cm diameter irregular subcapsular necrotic focus in the left lateral lobe. Numerous fibrin clumps were present on the hepatic capsule. The stomach and small intestine had hemorrhagic contents. Foci of congestion and hemorrhage were often seen in the mucosa of the small intestine and the colon. Histologically, the necrotic focus in the liver contained fibrinonecrotic debris, hemorrhage, neutrophils, macrophages, and numerous short gram-negative rods (Fig. 3) . In the remaining hepatic parenchyma, there was a generalized, multifocal periacinar vacuolar hepatopathy. Numerous fibrin thrombi were present in periacinar sinusoids. Postmortem changes in the intestine impaired evaluation of the mucosa, but congestion and small focal hemorrhages were present in the lamina propria. Immunoperoxidase did not detect CDV or CPV antigen in spleen.
Tissues from the two dogs were cultured on trypticase soy agar (TSA) with 5% sheep blood a . Plates were incubated at 35 C in 5% CO 2 . After 24 hours incubation, large numbers of C. freundii were obtained in pure culture from the lung, liver, kidney, and spleen of case No. 1 and from the necrotic hepatic focus, lung, and spleen of case No. 2. No significant organism was cultured from the intestine of Citrobacter spp. can cause bacteremia, 5,6 septicemia, 5 meningitis, 2,4,6 and respiratory 6 and urinary tract 5,6 infections in adult humans and less frequently in children. Citrobacter freundii, like other Enterobacteriaceae, is considered to be ubiquitous and is mainly found in the gastrointestinal tract of many animals; it is also frequently isolated from water, soil, and food. 1, [4] [5] [6] Citrobacter freundii has been isolated from intravenous catheters of young dogs suspected to have parvoviral enteritis; however, no clinical signs were attributed to this contamination. 7 These isolates were resistant to many antibiotics. 7 In humans, person to person contact appears to be the usual mode of transmission; in young children, maternal transmission is possible. 1, 4 Like children, puppies could be at risk of developing systemic infection with C. freundii, particularly if their immune system is compromised by disease or inadequate husbandry. Because only 5% to 10% of IgG is transferred from the mother to the puppy during gestation, lack of colostrum intake, poor-quality colostrum, or poor colostrum absorption could predispose to septicemia. 8 No primary disease was detected in the Maltese puppy, but a generalized active lymphocytolysis was present. None of the common immunosuppressive viruses such as CPV or CDV was detected in this animal. The lymphocytolysis may have been present before the bacteremia/septicemia or perhaps resulted from the bacterial infection. Citrobacter freundii seems particularly apt to colonize the meninges of young children, invading and replicating in the microvascular endothelium. 2 Meningitis can be particularly devastating in newborn children, with 75% of cases resulting in cerebral abscesses. 6 Bacterial culture was not attempted on the meninges or brain tissue of case No. 1, but the gram-negative phagocytized rods in the meninges strongly suggest C. freundii infection.
In humans, Citrobacter spp. bacteremia is due to nosocomial infection in 49% to 77% of cases. 3, 5 Citrobacter spp. are considered to be less virulent but can gain access to systemic circulation if tissue trauma or inflammation is present. 5 More than half of the human cases reported are in the elderly, 5 and more than half have at least one other disease. 3, 5 In this study, the Colley was middle-aged but had been hospitalized for 14 days with many other animals and was treated with immunosuppressive drugs, which likely predisposed it to the septicemia.
The main portal for C. freundii in humans is the gastrointestinal tract. 5 The two cases described in this study had mucohemorragic to hemorragic intestinal contents. The cause of the bleeding was not identified in the Maltese but in case No. 2 the bleeding may have been due to thrombocytopenia. An altered intestinal mucosa could have been the site of invasion, with colonization of the liver and systemic dissemination. The necrotic focus in the liver of case No. 2 supports this hypothesis. However, in both cases, the possibility that septic shock may have caused the intestinal bleeding cannot be eliminated. In these two cases, culture of internal organs yielded C. freundii in pure culture, in contrast to human cases of C. freundii sepsis which are often polymicrobic. 1, 3, 5 Citrobacter freundii, although an uncommon pathogen, is important in human medicine because of its involvement in nosocomial infections and the high fatality rate associated with systemic infection. The present report indicates that C. freundii bacteremia-septicemia can also occur in puppies or immunocompromised, hospitalized adult dogs and can be monomicrobic.
